Abstract A 2030 climate and energy policy framework was endorsed by the European Council in 2014. The main elements are a binding 40 % greenhouse gas (GHG) reduction target compared to 1990, a renewable energy share of 27 %, and an energy savings target of at least 27 % by 2030. In this paper, we assess the impact of these targets on the European land use, land use change, and forestry (LULUCF) sector using a Europe focused global land use model linked with a detailed forest management model. We show that implementing a 40 % GHG emission reduction target by 2030 may only have a small negative impact on the domestic LULUCF sink if the additional biomass demand for energy is mostly met through ligno-cellulosic energy crops rather than forest removals. However, if the increased biomass demand were met through higher rates of forest harvest removals, a more negative impact on the LULUCF sink could be expected.
Introduction
Nations Framework Convention on Climate Change (UNFCCC) inventory data, the land use carbon sink in the EU was estimated to amount to 329 MtCO 2 in 2012. The forest sector in particular has sequestered significant amounts of carbon over the past 50 years (Bellassen et al. 2011) . Although forest harvest has increased steadily, improved forest management and establishment of new forests have outweighed this, resulting in a continued net sink (Ciais et al. 2008) . Grasslands in the EU countries also form a carbon sink, especially those that have been recently converted from cropland (Soussana et al. 2004) . Emissions from deforestation and cropland soils do reduce the total carbon sequestered by forests and grassland; however, deforestation rates in EU countries are relatively stable at a low level (UNFCCC).
In 2009, the EU committed to the so called climate and energy package to reduce greenhouse gas (GHG) emissions in 2020 by 20 % compared to 1990 and increase the share of renewable energy in final energy consumption to 20 % (Delbeke and Vis 2015; EC 2009 ). In addition, the EU also agreed to reduce gross inland consumption of energy by 20 % in 2020 (EC 2014) . Depending on implementation of the Renewable Energy Directive, energy efficiency progress, and the impact of policies to reduce GHG emissions, biomass from forests and agriculture is expected to contribute substantially to reaching the renewable energy and GHG targets.
In the long run, the EU aims at reducing GHG emissions by 80-95 % in 2050 80-95 % in compared to 1990 80-95 % in (EC 2011 . As a step towards meeting the 2050 targets and to keep on track after 2020, a 2030 climate and energy policy framework (EC 2014) was endorsed by the European Council in 2014. 1 The main element of the framework is a binding 40 % GHG reduction target compared to 1990 by 2030, an EU-wide renewable energy share of at least 27 %, and an EU-wide energy savings target of at least 27 % (and up to 30 %) by 2030 (expressed as a percentage reduction in gross inland energy consumption in 2030 compared to the Bbusinessas-usual^projection made in 2007 for the year 2030 (EC 2014)).
These climate and energy policies can potentially trigger direct and indirect effects both within and outside Europe via international trade (Laborde 2011) . Changes in forest management towards shorter rotations, higher extraction rates of primary forestry residues etc. may occur, and in agriculture there may be shifts towards more dedicated energy crops, higher straw extraction rates, and conversion of grassland to energy crops (IPCC 2014) . Over the past decade, there have also been the first signs of a saturation of the forest sink. The stem volume increment has declined related to forest ageing, for instance, and net afforestation area is decreasing (Fuchs et al. 2015) as a result of more intensive land use and increase of natural disturbances such as fire, storm, or insects (Nabuurs et al. 2013 ). In addition, increasing demand for forest products (Mantau et al. 2010 ) may result in a further reduction of the forest sink. Böttcher et al. (2012) estimate that the forest sink could decline by around 25-40 % (65-125 MtCO 2 ) until 2030 compared to 2010, partly due to increasing biomass demand for energy. Land use changes and changes in management and extraction rates both affect biomass and soil carbon pools of ecosystems, which can reduce the amount of carbon sequestered by the land or even result in net CO 2 emissions. There is therefore a potential conflict between policies targeting the reduction of emissions and the increase of sinks through land use activities and the increased use of biomass for energy production (Obersteiner et al. 2010) .
In this article, we enhance the Global Biosphere Management Model (GLOBIOM) linked with a forest management model (G4M) to provide detailed representation of the European LULUCF sector and cropland soil carbon dynamics. We use the newly developed tool to assess impacts of the proposed 40 % GHG reduction target (excluding LULUCF) (EC 2014) in combination with different targets for energy efficiency and/or renewable energy shares on the EU LULUCF sector. We quantify a series of alternative 2030 climate and energy scenarios (EC 2014) to assess the impact on the LULUCF net sink. We explicitly represent emissions from the forestry and agricultural sector including emissions from land remaining cropland, grassland, and forests as well as emissions from land converted to and from those categories.
Methods
In our analysis, we estimate current and future CO 2 emissions from the EU LULUCF sector for an updated European Reference scenario 2013 using GLOBIOM-EU linked with G4M. The remainder of this section briefly describes the scenarios, the models and their linkage, and explains how LULUCF emissions are estimated.
Model descriptions

GLOBIOM-EU
GLOBIOM-EU is a variant of the GLOBIOM model ), a global recursive dynamic partial equilibrium bottom-up model integrating the agricultural, bioenergy, and forestry sectors where the EU28 countries are represented in great detail. In the objective function, the global agricultural and forest market equilibrium is computed by choosing land use and processing activities to maximize the sum of producer and consumer surplus subject to resource, technological, demand, and policy constraints. Demand and international trade are represented at the level of 53 aggregated world regions (28 EU member countries, 25 regions outside EU). The supply side of the model is based on a detailed disaggregation of land into Simulation Units (SimUs) which are aggregates of 5 arcmin pixels based on biophysical soil characteristics, i.e., altitude, slope, soil class, and spatial location (Skalský et al. 2008) . Information on land cover in Europe is based on CORINE 2000 and Global Land Cover 2000 is used outside Europe.
Crop, grass, forest, and short rotation tree productivity is estimated together with related environmental parameters at the level of SimUs, either by means of process based bio-physical models or by means of downscaling from national statistics. On the crop production side outside Europe, the model represents 18 major crops and 4 different management systems (irrigated, high input -rainfed, low input -rainfed, and subsistence) simulated with the biophysical process based model EPIC (Williams 1995) . For the European crop sector, EPIC simulations with detailed representation of management systems (3 tillage systems -conventional, reduced and minimum tillage and 2 fertilizer and irrigation systems), crop rotations, additional crops and soil carbon dynamics are incorporated. The model currently covers the 18 most important crops in the EU (Frank et al. 2015) .
Parameters for primary forest production such as mean annual increment, maximum share of saw logs in harvested biomass, and harvesting costs are provided by the G4M model (see below). Six land use types are represented in the model (cropland, grassland, short rotation tree plantation, managed forests, natural forests, and other natural land) which can be converted into each other depending on the demand and profitability of the different land based activities. Within Europe, we assume no deforestation for agricultural area expansion due to restrictive land use legislation (Bauer et al. 2004) . For a more detailed description of GLOBIOM-EU see Frank et al. (2015) .
G4M
G4M (Gusti 2010; Kindermann et al. 2008 ) is a spatially explicit (currently on a 0.5°× 0.5°r esolution) model simulating land use change and forest management decisions and estimating respective CO 2 emissions. The model incorporates empirical forest growth functions for major tree species. The land use change decisions (afforestation or deforestation) are made by comparing the net present value of managed forest with income by alternative land use in the same place. The forest management decisions are driven first by wood demand, then forest productivity, net present value of forestry in comparison to income through alternative land uses, proximity to populated places, etc. (Gusti 2010 ). Since the model does not represent either forest markets or other economic sectors, it has to rely on other sources -models or databases -for information such as wood prices, land rents, urban sprawl, natural disturbances, and land available for afforestation. As output, G4M produces estimates of: forest area changes, carbon sequestration and emissions from forests, impacts of carbon incentives (e.g. avoided deforestation), and supply of biomass for timber and energy. For Europe, the initial forest aboveground biomass per grid cell was taken from the European forest biomass map from Gallaun et al. (2010) . Species-specific biomass expansion factors (Teobaldelli et al. 2009) were used for growing stock-biomass conversion. The main forest management options considered by G4M are variation of thinning and choice of rotation length. The rotation length can be individually chosen but the model can estimate optimal rotation lengths to maximize increment, stocking biomass, or harvestable biomass.
Estimating LULUCF sector emissions
LULUCF emissions are projected using G4M for the forestry sector emissions (afforestation, deforestation, and forest management emissions) and GLOBIOM-EU for the agricultural sector (cropland and grassland management emissions). Both models use an IPCC Tier 3 approach, taking into account soil characteristics and biomass and soil carbon dynamics related to different management systems. Soil carbon emissions from cropland (and ligno-cellulosic crops) are based on dynamic carbon response functions estimated by EPIC. Emissions from harvested wood products (HWP) are calculated based on an IPCC Tier 2 approach. Emissions from wetlands, settlements, and other land are not modeled explicitly but kept constant at 2010 levels using UNFCCC data. Table 1 gives an overview of the datasets and models used to estimate LULUCF areas and emission factors. For more information on the methods and data used for the different sectors we refer to the supplementary material.
Forest area and biomass increment were harmonized with national statistics if available to ensure consistency with national projections. Model and datasets were improved based on bilateral consultations with the EU member states representatives within the EUCLIMIT project (www.euclimit.eu). These mainly resulted in updates to forest inventory data and historic forest harvest rates, improving consistency with UNFCCC reporting.
GLOBIOM-EU and G4M are linked through an iterative procedure. In the first iteration, GLOBIOM-EU provides relevant output variables (i.e. land and commodity prices, forest product demand, and land balances) to G4M which subsequently estimates detailed forest sector activities (forest management, afforestation and deforestation) and emissions for the European forest sector. In the second, afforestation areas are communicated back to GLOBIOM-EU. The scenario is rerun and activity levels for the agricultural sector and related emissions are estimated.
Scenarios
Reference scenario
The 2013 Reference scenario provides a Bbusiness as usual^scenario for the EU energy, transport, and LULUCF sectors (EC 2013). It assumes full implementation of already adopted policies, including the Renewable Energy Directive and the Energy Efficiency Directive. Basic scenario driver information for Europe such as population and GDP growth as well as feedstock-specific bioenergy demand is based on data from the EC or generated by the GEM-E3 and the PRIMES models (Capros et al. 2014) and taken up by GLOBIOM-EU.
By 2030, the Reference scenario projects a GHG reduction in the EU of 32 % below 1990 levels, a renewable energy share (RES) of 24 % of final energy consumption, and primary energy savings of 21 % in 2030 compared to the business-as-usual projection made in 2007 for 2030 (as projected by PRIMES 2007 Baseline) ( Table 2 ). Biomass and wastes account for 20 % of total primary energy production by 2030 and renewable energy (including biomass) is becoming the dominant energy form (39 % in total primary production). Increasing demand for biofuels results in an increase in imports. Beyond 2020, domestic production catches up, and the share of imported biofuels remains stable until 2030 (EC 2013). All these effects are provided as exogenous drivers to our LULUCF modelling toolbox. Outside Europe, the POLES Baseline scenario (EC 2011) provides bioenergy demand, population, and GDP growth while PRIMES and GEM-E3 data are used for the EU (EC 2013). Productivity increases in the crop sector are based on crop specific yield response functions to GDP per capita growth estimated using a fixed effects model. Efficiency increases in the livestock sector are based on CAPRI Reference (2013) inside Europe. The Reference scenario provides the benchmark against which the energy policy scenarios from the EC's proposal (EC 2014) are evaluated.
Policy scenarios
In order to assess the impacts of alternative climate and energy targets in 2030 we chose four scenarios (Table 2 ) being discussed in the EU (EC 2014). The scenarios analyzed contain three main policy options:
1. GHG emission reduction targets of 40 and 45 % compared to 1990 emissions levels (GHG40 and GHG45). 2. Explicit additional energy efficiency measures compared to those already present in the reference scenario (EE), decreasing the energy consumption level. 3. Pre-set renewables targets of 30 and 35 % as a share of gross final energy consumption (RES30 and RES35).
The GHG40 scenario reflects the proposal of the Commission for a 40 % GHG reduction and a renewable target of 27 %. In this scenario the 27 % is not an explicit target but is calculated by PRIMES to be the result of meeting the 40 % GHG target in the most costeffective way. The GHG40/EE scenario also increases energy efficiency (based on the implementation of a set of specific additional energy efficiency measures) and arrives at a 29.3 % reduction in energy consumption in 2030 (compared to the projection of 2007). The GHG40/EE/RES30 scenario has a more demanding binding renewable target of 30 % and reaches 30 % efficiency. All GHG40 scenarios are therefore built around the objectives for GHG emissions reductions, renewable energy targets, and explicit sets of energy efficiency measures that are currently being discussed in EU.
The GHG45/EE/RES35 scenario takes a more ambitious view (45 % emissions reduction and 35 % renewables share) and serves in this paper as a Bhigh biomass^scenario to show the potential impacts of additional biomass use on the LULUCF sink.
Scenario drivers
For the reference and policy scenarios PRIMES outputs for the biomass feedstock split for energy (biofuels and solid biomass) are fed into GLOBIOM-EU while other drivers (macroeconomic, agronomic) are kept constant across scenarios. PRIMES feedstock-specific biomass demand is represented through fixed incorporation levels at member state level while competition between bioenergy and other uses (food, feed, and industrial uses) is modelled endogenously in GLOBIOM-EU. Figure 1 shows biomass demand and domestic feedstock production from PRIMES for the different scenarios. The GHG40/EE scenario has the lowest biomass demand for energy across the policy scenarios as a result of the additional energy efficiency measures that reduce final energy demand and consequently also demand for biomass. In this Blow biomass^scenario, biomass demand is even slightly below reference scenario levels. In contrast, the GHG45/EE/ RES35 scenario has the highest biomass demand due to the 45 % GHG mitigation target and the mandatory renewable energy share of 35 %. Consequently, the demand for domestic production of biomass feedstock is also higher. In this scenario, additional biomass is mainly sourced from annual (i.e. miscanthus, switchgrass) and perennial ligno-cellulosic crops (i.e. short rotation tree plantations) because of their cost-competitiveness, while forestry removals are only slightly higher compared to the other scenarios.
The GHG40 and GHG40/EE/RES30 represent Bmiddle of the road^scenarios between the Bhigh^(GHG45/EE/RES35) and Blow^(GHG40/EE) biomass scenarios. However, as a result of the 30 % renewable energy share in the GHG40/EE/RES30, biomass use from annual lignocellulosic crops is slightly higher in the GHG40/EE/RES30 case than the GHG40 case while other biomass demands are close in the two scenarios. Net imports of bioenergy or biomass feedstock vary somewhat between the scenarios but not significantly. They are lowest for GHG40/EE and highest for GHG45/EE/RES35.
Results and discussion
Reference scenario 2013
In the reference scenario the EU LULUCF sector continues to be a carbon sink until 2030 (Table 4) 
Fig. 1 EU28 PRIMES biomass demand and domestic feedstock production used in GLOBIOM-EU in Mtoe in
forestry products (driven mainly by non-energy timber demand through income and population growth but partially by bioenergy demand) which is in line with historic developments over recent decades (Pilli et al. 2015) . At the same time, a decline in the average forest increment due to ageing from 6 m 3 /ha in 2010 to 5.6 m 3 /ha in 2030 is projected. Consequently, the carbon sink in managed forests continuously declines from −303 MtCO 2 in 2010 to −126 MtCO 2 in 2030. Total forest area is projected to increase from 140 million ha (Mha) in 2010, to 146 Mha in 2030 hence sequestering around 94 MtCO 2 . Carbon sequestration from afforested areas increases over time as new forests are established but young forests that were established over the last 20 years also reach a phase of high biomass production. Until 2030, deforestation drops due to increasing biomass demand and profitability of forest management activities from around 74,000 ha to 23,000 ha resulting in a decrease of emissions from 45 MtCO 2 to 12 MtCO 2 . Since part of the harvested biomass is used to produce wood products which have a lifespan of several years, HWP sequester around −39 MtCO 2 in 2030. Hence, the significant decline in the managed forests carbon sink is partially compensated by a rising carbon sink from afforestation, a decrease in deforestation, and increasing carbon storage in HWP.
Activities in the agricultural sector have a smaller impact on the total LULUCF sink compared to the forest sector. Cropland area increases by around 5 Mha until 2030, mainly driven by the production of ligno-cellulosic crops for bioenergy use. Despite the expansion, net carbon emissions from cropland are projected to decline by some 40 % of emissions compared to 2010, as a result of the cultivation of ligno-cellulosic crops. Typically these plants provide more litter input for the soil and the management activities disturb the soil less compared to annual food crops, leading to a reduced loss or even an accumulation of soil carbon. By 2030 the area covered by ligno-cellulosic crops reaches 7 Mha (7 % of total cropland). Total emissions from grasslands are expected to go down as more land is projected to be converted to grassland that typically tends to sequester additional carbon. Grassland stores around 5 MtCO 2 by 2030.
Policy scenarios for the new EU climate and energy targets
We assessed the impact of four alternative climate and energy policies on the EU LULUCF sink and contrasted these results with the reference scenario. Total solid biomass removal from forests and short rotation tree plantations (perennial ligno-cellulosic crops) range from 719 Mm 3 to 799 Mm 3 (Fig. 2) by 2030 across the policy scenarios compared to 718 Mm 3 in the reference. While in the GHG40/EE scenario only a marginal increase in solid biomass use is observed (as a result of additional energy efficiency measures), significantly higher biomass use is projected for the other policy scenarios. This is driven either by the lack of additional energy efficiency measures (GHG40), the presence of an obligatory renewable energy share (GHG40/EE/RES30) or a higher GHG reduction target in combination with higher renewable energy share (GHG45/EE/RES35). The highest solid biomass use is projected for the GHG45/EE/RES35 with 799 Mm 3 followed by GHG40 and GHG40/EE/ RES30 with around 752 Mm 3 . The lowest use occurs in the GHG40/EE with 719 Mm 3 , hardly higher than in the reference case. Solid biomass use is similar in the GHG40 and GHG40/EE/ RES30 scenario, however the demand for annual ligno-cellulosic crops is substantially higher in the GHG40/EE/RES30 scenario than in the GHG40 (Fig. 1) .
The solid biomass shares directly follow PRIMES projections as presented in Fig. 2 , meaning that harvest removals from the forest sector remain rather stable across scenarios while most of the additional biomass is projected to come from ligno-cellulosic crops. This development particularly applies for the scenarios with obligatory renewable energy targets or without additional energy efficiency measures. Differences in harvest removals for the nonenergy sector are driven endogenously in GLOBIOM-EU by differences in biomass prices resulting from the competition with biomass for energy use.
The land use changes expected to meet the increased biomass demand for bioenergy in the policy scenarios are presented in Table 3 . Except for the GHG40/EE scenario, where less biomass for bioenergy is being produced on cropland (Fig. 1) , cropland increases in all policy scenarios (even though this is quite limited in all scenarios except the GHG45/EE/RES35). As additional agricultural biomass demand is mainly sourced from ligno-cellulosic crops, cropland area increases with increasing biomass demand. Ligno-cellulosic crops are mainly planted on existing cropland thereby directly competing with food crops but they are also partially established on unused land (abandoned crop-and grassland, marginal land) and to a much smaller extent on grassland. In the Bhigh biomass^(GHG45/EE/RES35) scenario, total ligno-cellulosic crop area increases by 5 Mha compared to the reference of which 1.5 Mha are established on unused land while the remaining area increase of 3.5 Mha takes place on existing cropland, replacing conventional food and feed crops. Consequently, cereal net exports decrease by 40 %, as production (−1.5 %) is being displaced by energy crops. In this scenario emissions from land use change could increase by 4 MtCO 2 in 2030 outside Europe due to the conversion of native vegetation.
2 In the remaining scenarios (GHG40, GHG40/EE, and GHG40/EE/RES30) a much more modest increase in cropland (if at all) can be observed; the result of limited additional biomass demand. Therefore, impacts on land use and agricultural commodity markets are minor. To conclude, cropland expansion across policy scenarios inside the EU is mainly driven by the production of lignocellulosic crops for bioenergy from which approximately two thirds is grown on existing cropland and one third through cropland expansion. However, only in the GHG45/EE/RES35 scenario an impact on European net trade balance and global GHG emissions occurs. In the other scenarios, cropland management changes compensate for small area decreases of food crops.
With respect to emissions, the biggest decrease in the EU LULUCF sink can be observed in the GHG45/EE/RES35 scenario with ambitious EE and RES policies (Table 4 ). In this scenario the LULUCF sink declines by around 6 MtCO 2 (−3 %) compared to the reference as forest harvest removals increase from 620 Mm 3 in the reference to 630 Mm 3 to meet biomass demand for bioenergy. This translates in reduction of the forest management sink from −126.4 MtCO 2 in the reference to −115.5 MtCO 2 . This relatively small increase in harvest removals already shows a reduction of the forest management sink by 1.1 tCO 2 per m 3 additional forest harvest, which is consistent with Böttcher et al. (2012) . The negative effect on the forest sink is partially compensated by the increases in plantation wood to 169 Mm 3 (98 Mm 3 in the reference) which has a positive net effect on the amount of carbon stored in the soil and biomass compared to other annual crops normally planted on cropland (Rytter 2012) . Therefore, cropland emissions are lower (10 MtCO 2 ) compared to the reference (14 MtCO 2 ) as carbon sequestration overcompensates emissions from cropland expansion. Consequently, the net impact of the GHG45/EE/RES35 scenario on the total LULUCF sink is smaller than the impact on the forest sector only. Nevertheless, substituting ligno-cellulosic crop biomass with forest biomass would significantly impact the LULUCF sink as direct emissions from the forest sector management would increase while at the same time less carbon would be sequestered on cropland. In the other scenarios, the LULUCF sink does not differ significantly from the reference scenario because additional biomass is mostly sourced from ligno-cellulosic crops on existing cropland and is not taken out from the forest.
To conclude, we observe only a limited impact of different bioenergy targets on the European LULUCF sink when compared to the reference scenario. The biggest decline takes place in the GHG45/EE/RES35 with a decrease of 3 % (6 MtCO 2 ). To put this in context: the GHG45/EE/ RES35 scenario reduces total GHG emissions (except LULUCF) in the EU by 45 % and not 40 % (as in the other policy scenarios) compared to 1990. This corresponds to an additional reduction of around 280 MtCO 2 eq. Overall the impacts on the LULUCF sink seem limited, partly because increased demand for bioenergy is met largely through increased use of ligno-cellulosic energy crops, partly because of increased demand for biomass being met by imports for the GHG45/EE/ RES35 scenario that achieves 35 % RES. If more biomass were sourced from existing forests, the LULUCF sink could significantly decrease still further. In addition, the GHG45/EE/RES35 scenario would imply a substantial expansion of cropland for bioenergy on existing cropland. The increasing share of ligno-cellulosic crops results in a decrease in available cropland for other uses (food and feed) and affects the net trade balance of the EU for agricultural commodities (especially cereals), land use change emissions outside the EU, and biofuel imports from the rest of the world. Overall, demand quantities decline slightly as prices increase, driven by the additional demand for biomass. On the supply side changes in management systems in the crop-and livestock sector and reallocation of production help compensate for the decrease in available conventional cropland area. In the other policy scenarios, only marginal impacts on net trade are observed.
Comparison with previous assessments
We project that the EU LULUCF sink will decline in the reference until 2030 as a result of increased harvest and forest ageing. This is in line with other studies which predict a decrease in carbon uptake from forests. Comparing our results with Böttcher et al. (2012) , we project a higher decrease in forest management sink (58 %) compared to their results of 25-40 % which is related to different harvest removals in 2030. While we project an increase of total harvest removals from forest to around 620 Mm 3 for EU28 by 2030 (+16 % rise compared to 2010), Böttcher et al. (2012) projected only limited growth after 2010 (stagnation at around 530 Mm 3 in 2030). Verkerk et al. (2011) estimate the realizable biomass potential from forests (stemwood, residues, stumps, and other biomass) around 623 to 895 Mm 3 in 2030. Results depend on the feedstock-specific biomass demand projections from PRIMES. In the reference scenario, biomass from plantations is projected to increase to around 98 Mm 3 while in the policy scenario this can go up to 169 Mm 3 in the most ambitious bioenergy scenario. Lauri et al. (2014) estimate the biomass potential from plantations to be around 240 Mm 3 given an energy price of 30 $/GJ by 2050. However, future demand of ligno-cellulosic biomass for energy depends on the economic profitability (Böttcher et al. 2012) as well as other constraints such as risk aversion of farmers, market access, or concerns about the stability of income (Sherrington et al. 2008 ) which may limit future expansion of plantations. Recent EUROSTAT statistics report stagnation or even a decrease of ligno-cellulosic crop areas in some countries (i.e. Finland, Ireland, or UK). Therefore, it remains uncertain whether the share of biomass from ligno-cellulosic crops assumed in this paper will be actually supplied by 2030.
Conclusions
In this paper, we assess the impact of the agreed 40 % GHG reduction target on the EU LULUCF sector using a series of alternative 2030 climate and energy scenarios (EC 2014). We conclude that implementing a 40 % GHG reduction target by 2030 may only have a small negative impact (−1 %) on the domestic LULUCF sink if the additional biomass demand is largely met through lingo-cellulosic energy crops rather than forest removals. However, the feasibility of large scale establishment of these crops will depend on the economic profitability and other non-financial barriers of adoption (Sherrington et al. 2008) . Even though some studies estimate a significant biomass potential from ligno-cellulosic biomass (GEA 2012; Klein et al. 2014 ) others remain more cautious (Haberl et al. 2013) .
A more pronounced decrease in the LULUCF sink due to increased forest harvest can be observed in the Bhigh biomass^scenario where we estimate a reduction by −3 % of the LULUCF sink. This scenario illustrates the potential implications for the forest carbon sink if additional biomass is sourced from existing forests, and shows average emissions of 1.1 tCO 2 from soil and biomass per additional m 3 forest harvest. If the increased biomass demand is met exclusively through higher forest harvest removals, a significantly higher impact can be expected. In the Bhigh biomass^scenario, we also observe high displacement of food crops with ligno-cellulosic crops as they compete for cropland, which impacts agricultural commodity markets. This scenario shows negative displacement effects as additional biomass demand for energy production puts pressure on the forest and agricultural sector, driving adjustments on the demand and supply side in-and outside Europe unless additional biomass could be diverted from other sectors. Other studies also suggest that indirect impacts outside Europe could significantly decrease domestic emission reductions through emission leakage (Britz and Hertel 2011; Laborde 2011) . Hence, if additional biomass for energy production is not mainly supplied by ligno-cellulosic crops but conventional food crops, the impacts could even be amplified (Havlík et al. 2011) .
Extracting biomass from existing forests for bioenergy production decreases the forest sink; however, producing biomass on cropland competes with non-bioenergy uses. The potential impacts of both of these options in-and outside Europe need to be carefully considered when assessing regional bioenergy policies. Further research is needed to quantify potential global implications also taking into account the commitments made during the COP21 climate negotiations in Paris.
